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Abstract
 Twin studies indicate that genetic and environmental factorsBackground:

contribute to both psychological resilience and coping style, but estimates of
their relative molecular and shared environmental contributions are limited. The
degree of overlap in the genetic architectures of these traits is also unclear.

 Using data from a large population- and family-based cohortMethods:
Generation Scotland (N = 8,734), we estimated the genetic and shared
environmental variance components for resilience, task-, emotion-, and
avoidance-oriented coping style in a linear mixed model (LMM). Bivariate LMM
analyses were used to estimate the genetic correlations between these traits.
Resilience and coping style were measured using the Brief Resilience Scale
and Coping Inventory for Stressful Situations, respectively.

 The greatest proportion of the phenotypic variance in resilienceResults:
remained unexplained, although significant contributions from common genetic
variants and family-shared environment were found. Both task- and
avoidance-oriented coping had significant contributions from common genetic
variants, sibling- and couple-shared environments, variance in
emotion-oriented coping was attributable to common genetic variants, family-
and couple-shared environments. The estimated correlation between resilience
and emotion-oriented coping was high for both common-variant-associated
genetic effects (r  = -0.79, se = 0.19), and for the additional genetic effects
from the pedigree (r  = -0.94, se = 0.30). Genetic correlations between
resilience and task- and avoidance-oriented coping did not meet statistical
significance.

 Both genetics and shared environmental effects were majorConclusions:
contributing factors to coping style, whilst the variance in resilience remains
largely unexplained. Strong genetic overlap between resilience and
emotion-oriented coping suggests a relationship whereby genetic factors that
increase negative emotionality also lead to decreased resilience. We suggest
that genome-wide family-based studies of resilience and coping may help to
elucidate tractable methodologies to identify genetic architectures and
modifiable environmental risk factors to protect against psychiatric illness,
although further work with larger sample sizes is needed.
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Introduction
Despite significant risk for psychopathology, many individu-
als exhibit better than expected adjustment. This ability to 
‘bounce back’ and maintain or regain mental health despite sig-
nificant risk is referred to as psychological resilience1–3. Resilience  
has increasingly become a focus of behavioural and medi-
cal research4–6, promoting positive mental health and offering 
an alternative to ‘deficit’ models of psychopathology7. Whereas  
resilience refers to positive adaptation in the face of adversity, 
coping style encompasses cognitive and behavioural strategies  
used to manage adversity8. Although often used interchangeably, 
there is a growing body of evidence to suggest that resilience  
and coping style are conceptually distinct constructs9–12.  
However, the underlying biological mechanisms of and genetic 
similarities between resilience and coping are not well understood.

A starting point from which to address whether the  
observed variation in resilience and coping style is due to envi-
ronmental or biological factors is to investigate heritability. 
Heritability is broadly defined as the proportion of phenotypic  
variation that can be attributed to genetic effects13. Such  
estimates have been applied to the study of both resilience and 
coping style in family-based twin studies. To illustrate, in defin-
ing resilience as the residual for positive affect after controlling  
for social and interpersonal stressors, a twin study by  
Boardman and colleagues14 found resilience was significantly 
more heritable among men (52%) than women (38%). Similarly, 
another twin study found modest heritability estimates (24–49%)  
on measures of well-being and mental health which were indi-
rectly related to resilience15. A longitudinal twin study4 esti-
mated resilience as the residual between actual and predicted  
psychiatric symptoms, based on the total number of stressful 
life events an individual has experienced, and found moderate  
heritability estimates at both waves of assessment approximately 
five years apart (~31%). However, it is important to note that  
wide discrepancies in both the definition and measurement of 
resilience preclude accurate comparison of these results5.

Several well-validated questionnaires have been developed to 
measure coping style16–18 which focus on task-, emotion-, and 
avoidance-oriented coping styles. Emotion-oriented coping is  
characterised by the regulation of distressing emotions, whereas 
task-oriented coping denotes purposeful efforts aimed at prob-
lem solving19. Avoidance-oriented coping is defined by behav-
iours aimed at avoiding difficult circumstances16. Evidence from 
twin studies suggests that coping style may be genetically and 
environmentally mediated. For example, a twin study20 found 
that whereas task-and emotion-oriented coping were modestly  
heritable (17–20%), avoidance-oriented coping was entirely 
determined by environmental factors. The majority of the vari-
ance in coping style was attributable to non-shared environmental  
influences. Furthermore, Kozak et al.21 found modest genetic 
influences to the variation seen in each coping style (33–39%), 
in addition to substantial environmental variance. Kendler  
et al.22 found that approximately 30% of the total variance  
in the coping styles of ‘turning to others’ and ‘problem solving’  
was attributable to genetic effects. Interestingly, however, the  

variability in the use of ‘denial’ coping styles was entirely  
accounted for by environmental influences.

Pedigree-based estimates such as those described above meas-
ure heritability by comparing the observed phenotypic simi-
larity to the expected genetic resemblance between relatives,  
and as such, do not require information on the inheritance of indi-
vidual genetic loci23,24. However, recent methodological devel-
opments in Genome-Wide Association Studies (GWAS) offer 
an alternative to pedigree-based heritability estimates through  
molecular estimates in unrelated samples via Single Nucle-
otide Polymorphisms (SNPs)25,26. Specifically, this method  
decomposes the phenotypic variance of a trait into that attribut-
able to common genetic variants (SNPs) and that attributable to 
the entire genome to estimate narrow-sense heritability ( 2

nh ). How-
ever, when restricting heritability estimates to include only GWAS 
significant loci, they only account for a minute proportion of the  
heritability estimated from twin or pedigree studies, a discrep-
ancy which underlies the ‘‘missing heritability problem’’26,27.  
Yang and colleagues28 have subsequently found that variation in 
complex traits (such as resilience and coping) are likely resultant  
from a large number of common variants with effect sizes too 
small to pass the stringent threshold of GWAS, indicating they are 
the result of polygenic inheritance. Elaborating on these findings,  
Zaitlen and colleagues29 have developed a genomic related-
ness restricted maximum likelihood (GREML) variance com-
ponent method that estimates heritability between both related 
and unrelated individuals, simultaneously. Using genome-wide 
data this method yields more accurate heritability estimates 
than other methods because no assumptions are made on the  
extent of genetic similarity, dominance effects, or epistasis29,30. 
Specifically, using the GREML method, heritability estimates 
have been found to lie between those estimated from pedigree- 
and GWAS-based studies, and have been considered as a lower 
limit for the former and an upper limit for the latter29,31. Further-
more, GREML methods enable researchers to disentangle the 
differential contributions of molecular and non-additive genetic 
effects to phenotypic variance whilst simultaneously model-
ling environmental effects29 which overcomes the caveats of  
both pedigree- and GWAS-based heritability estimates.

Studies seeking to identify the genetic and environmental con-
tributions to resilience and coping style are an important starting 
point from which to build an understanding of their aetiology in 
addition to identifying treatment strategies focussing on primary 
prevention which may have significant impacts on mental health 
conditions. In this study, we sought to partition the phenotypic vari-
ation of resilience and coping style into their genetic and shared 
environment components using GREML methods in a family-
based genotyped cohort; Generation Scotland: Scottish Family 
Health Study (GS:SFHS). We drew on the diverse familial rela-
tionships within the sample to estimate both molecular and pedi-
gree genetic effects and the contribution of early shared family 
environment and recent shared environment by analysing fam-
ily members/siblings and couples respectively. Furthermore,  
as resilience has been found to be positively correlated with task-
oriented coping, and negatively with indices of emotion- and  
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avoidance-oriented coping1,32,33, we extended our methods to  
bivariate analysis to investigate whether these traits have  
significant overlapping genetic architectures using genetic  
correlation.

Methods
Generation Scotland: Scottish Family Health Study
The Generation Scotland: Scottish Family Health Study 
(GS:SHFS)34 is a family-based population cohort recruited  
from General Practitioners’ practices throughout Scotland 
between 2006 and 2011. Individuals were eligible for participa-
tion if they were aged above 18 years and had at least one first-
degree relative also willing to participate. A total of 5,628 families  
(n = 19,200) spanning up to three generations were recruited. 
In 2014, GS:SFHS participants were re-contacted and asked to 
take part in a follow-up study of mental health and resilience35.  
A total of 9,618 participants provided useable re-contact 
data – a retention rate of 45% - and represent the participants 
included in the current study. Full cohort details and recruitment  
procedures for baseline and re-contact are described  
elsewhere34–36. All components of GS:SFHS, including its pro-
tocol and written study materials have received national ethical  
approval from the NHS Tayside Committee on Research Ethics 
(reference 05/s1401/89).

Genotyping and quality control procedures
At baseline, blood and salivary DNA samples were col-
lected, stored, and genotyped at the Wellcome Trust Clinical  
Research Facility, Edinburgh. Genome-wide genotype data were 
generated using the Illumina HumanOmniExpressExome-8 
v1.0 DNA Analysis BeadChip (San Diego, CA, USA) and Infin-
ium chemistry37. The details and procedures for DNA extraction 
and genotyping have been reported extensively elsewhere38,39.  
Population outliers were removed from the sample40. Quality  
control of genotyped SNPs used inclusion thresholds: call rate 
≥98%, missing SNPs per individual ≤2%, Hardy-Weinberg  
equilibrium p>1×10-6, and minor allele frequency >1%. In total, 
561,125 autosomal SNPs for 8,734 individuals remained and  
were used in subsequent analysis. Multidimensional scaling  
(MDS) components were created according to the ENIGMA  
1000 genomes protocol41 in the software package PLINK42  
(version 1.9).

Resilience, coping style and neuroticism
Psychological resilience was assessed at re-contact using the Brief 
Resilience Scale (BRS)1, a self-report questionnaire assessing an 
individual’s ability to ‘bounce back’ or recover from stress. The 
BRS consists of six statements (e.g., “I usually come through 
difficult times with little trouble”) answered on a five-point scale 
from “Strongly Disagree” to “Strongly Agree”. After reverse cod-
ing of even-numbered questions, a total resilience score was cal-
culated by computing the mean of six questions. The BRS has 
been found to have a one-factor structure, demonstrating good 
internal consistency (Cronbach’s alpha = 0.80–0.91) and test-retest 
reliability of 0.69 for one month and 0.62 for three months1.

The Coping Inventory for Stressful Situations (CISS)43 was  
completed at re-contact. The CISS is a 48-item self-report ques-
tionnaire in which responders indicate how much they engage 
in various coping activities “when under stress”, on a five-point 

scale from (1) ‘Not at all’ to (5) ‘Very much’. Scores are summed  
over three 16-item sub-scales scales measuring task-oriented  
(e.g. “when under stress I focus on the problem and see how I 
can solve it”), emotion-oriented (e.g., “when under stress I blame  
myself for having gotten into this situation”) and avoidance- 
oriented (e.g., “when under stress I take time off and get away from 
the situation”) coping styles. The CISS has proven a robust meas-
ure of assessing situation-specific coping strategies, with a stable  
factor structure, high internal reliability and construct validity16.

Statistical analysis
Partitioning of phenotypic variation
Using a recently developed variance component methodology 
based on the GREML framework, we calculated the contribu-
tions of genetic and shared environmental components to the 
phenotypic variance in resilience, task-, emotion-, and avoidance- 
oriented coping. Building on the work of Zaitlen et al.29, we uti-
lised a new method introduced by Xia et al.44 to simultaneously 
estimate 2

gh  (the proportion of additive genetic variance contrib-
uted by common genetic variants over the total phenotypic vari-
ance: SNP heritability), 2

ph  (the proportion of additional additive 
genetic variance attributable by pedigree associated variation), 2

nh  
(the proportion of phenotypic variance contributed by all additive 
genetic variance: narrow-sense heritability), in addition to three 
shared environmental components. This method has been dem-
onstrated to reliably estimate 2

nh  in related samples overcoming 
possible inflating and confounding effects within family-based 
cohorts29. Using genome-wide complex trait analyses (GCTA: ver-
sion 1.22)30 the genetic and shared environmental contributions to 
each trait were measured by partitioning the phenotypic variance 
using linear mixed modelling (LMM) techniques. For each trait, 
two genomic relationship matrices; G (genomic relationship 
matrix) and K (kinship matrix created by modifying G using a 
threshold of 0.05 for pairwise relatedness)29,44, and three environ-
ment relationship matrices, F (early shared environmental matrix 
representing nuclear-family-member relationships), S (early 
shared environmental matrix representing full-sibling relation-
ships) and C (recent shared environmental matrix representing  
couple/spousal relationships)44, were fitted separately or 
simultaneously in LMM. The corresponding variance com-
ponents 2

gh  (common-variant-associated genetic effect, rep-
resented in G), 2

ph  (additional genetic effect from pedigree,  
represented in K), 2

fe  (environmental effect from nuclear fam-
ily, represented in F), 2

se  (environmental effect from full sib-
ling relationship, represented in S) and 2

Ce  (environmental effect 
from couple relationship, represented in C) were estimated using  
LMM and their significance tested using likelihood ratio tests 
(LRT). Age, sex and four MDS components were included  
in each LMM as fixed effects. Details on the construction of the 
variance-covariance matrices can be found in the Supplementary 
File 1.

The initial model was a full model comprising of all genetic  
and environmental components. However, previous studies44,45 
suggest that variance estimates may be confounded due to  
correlations between components. To overcome this issue, a 
backward stepwise model selection was employed. LRT tests 
were conducted to test the significance of each variance compo-
nent, which were removed sequentially if they failed to obtain  
significance (α = 5%) and had the highest p-value. This process 

Page 4 of 16

Wellcome Open Research 2018, 3:12 Last updated: 15 OCT 2018

https://www.wtcrf.ed.ac.uk/
https://www.wtcrf.ed.ac.uk/
http://zzz.bwh.harvard.edu/plink/
http://cnsgenomics.com/software/gcta/#Overview


was repeated until all the remaining components were significant.  
This method is described in more detail elsewhere44,45.

To simplify model descriptions, the following codes were used: - 
e.g. ‘GKFSC’ denotes a full model whereby all five matrices 
were fitted as random effects simultaneously whereas ‘GFC’ rep-
resents a model in which only the genomic relationship matrix, 
the environmental matrix representing nuclear-family-member 
relationships and the environmental matrix representing couple 
relationships were fitted simultaneously.

Genetic correlation and bivariate heritability
Genetic correlations between resilience and each coping style 
were calculated to examine potential overlapping genetic  
architectures. Specifically, bivariate GREML analysis in GCTA30,46 
was conducted to estimate the correlation between pairs of traits 
for common genetic variants (r

G
), and the pedigree associated  

genetics (r
K
) simultaneously. These models were controlled  

for age, sex, and four MDS components. The significance of  
each genetic correlation was estimated using the LRT.

Results
Among the 8,734 participants with genome-wide genotyped 
data, we recognised 655 couple pairs, 1,925 full sibling pairs  
and 4,508 nuclear families (minimum two individuals). The 
number of non-zero elements of the KFSC matrices for whom  
genotypic and phenotypic information are available for each 
trait are shown in the Supplementary Table 1. The mean age of  
the sample was 56.36 years (SD = 13.15), and 5,403 (62%) were 
female. Demographic details of these individuals are presented 
within Supplementary Table 2.

To determine if the traits in this study had sufficient discrimi-
nant validity to warrant independent investigation, phenotypic 
correlations were calculated between resilience and each cop-
ing style. The results from age-, and sex-adjusted Pearson  
correlations are presented in Table 1. Such correlations suggest 
that whilst these traits are related (r = -0.52 to 0.36), their covari-
ance is sufficiently modest to consider them partially independent  
variables in our analyses.

Full model partitioning phenotypic variation into genetic 
and shared environmental components
A full model was first employed to partition the phenotypic 
variation of each trait into five potential sources of influence by  
modelling two genetic components (G and K) alongside three 
environmental components representing the family, sibling, and 
couple effects (F, S, C). Specifically, we modelled the effects of 
additive genetic effects from common variants ( 2

gh ), additional 
genetic effects associated with the pedigree ( 2

ph ), early shared 
environmental effect shared by nuclear family members ( 2

fe ),  
early shared environmental effects shared between full siblings  
( 2

se ), and recent shared environmental effects shared between  
spouses ( 2

ce ). The results of these full models are presented in  
Table 2 and within Supplementary Table 3. As illustrated  
in Table 2, neither the genetic or shared environmental compo-
nents for resilience were statistically significant in the full model.  
However, in comparison to a reduced model, which does not 

account for any environmental effects (the GK model), the 
full model obtained lower estimates of genetic variance which  
suggests that the full model effectively reduced confounding  
environmental effects when calculating heritability estimates  
(Table 2).

For task-oriented coping, the full model estimated that 11%  
(S.E. = 0.05, p = 0.006) of the phenotypic variance was attribut-
able to common genetic variants (G). The pedigree-associated  
genetic component (K) of this model was not significant, 
and so the proportion of total additive genetic determination  
(narrow-sense heritability: 2 2 2

n g ph h h= + ) was resultant from the 
effect of common-variant associated genetics only (G). Of the  
three shared-environmental components, both sibling- ( 2

se  = 0.08,  
SE = 0.04, p = 0.019) and couple-shared ( 2

Ce  = 0.16, SE = 0.07,  
p < 0.001) environmental effects met statistical significance. For 
emotion-oriented coping, 14% (S.E. = 0.04, p < 0.001) of its  
phenotypic variance was determined by common genetic vari-
ants, and 14% (S.E. = 0.07, p = 0.002) was resultant from  
couple-shared environmental effects. The environmental 
effects shared between nuclear family members and full-sib-
lings were not significant. For avoidance-oriented coping, 12%  
(S.E. = 0.04, p = 0.002) of its phenotypic variance was  
attributable to common genetic variants (G). Significant effects 
from sibling- ( 2

se  = 0.05, SE = 0.03, p = 0.049) and couple-shared 
( 2

Ce  = 0.14, SE = 0.07, p < 0.001) environment were also found. 
These results are illustrated in Table 2, and within Supplementary 
Table 3.

Backward stepwise model selection to identify major 
genetic/familial-environmental contributors
Previous research has demonstrated that although the full  
model can account for all five variance components, it may 
have difficulty in separating and distinguishing major and minor 
contributors to the phenotypic variance of a given trait44. To  
overcome such an issue, we applied stepwise model selection44,45  
to identify major contributors to phenotypic variation in  
resilience, task-, emotion-, and avoidance-oriented coping. 

Using backward stepwise selection for resilience, only the  
common-variant associated genetic component and shared  
nuclear-family component were retained in the final model (the  
GF model as shown in Table 2 and Figure 1). Common genetic 

Table 1. Age-, and sex-adjusted phenotypic Pearson 
correlations.

Resilience ToC EoC AoC

Resilience -

ToC 0.36 (0.01) -

EoC -0.52 (0.01) -0.17 (0.01) -

AoC -0.05 (0.01) 0.27 (0.01) 0.30 (0.01) -

Abbreviations: ToC, Task-oriented coping style; EoC, Emotion-oriented 
coping style; AoC, Avoidance-oriented coping style

All correlations were significant at p < 0.01. Values in parentheses 
represent standard errors
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Table 2. Age-, sex-, and population stratificationa-adjusted variance component analyses results for Resilience, ToC, 
EoC, and AoC.

G 
(common-variant 

associated 
genetic)

K 
(pedigree- 
associated 

genetic)

F 
(Nuclear 
family)

S 
(Full 

sibling)

C 
(Couple)

Trait n Model description
2
Gh

 
(SE) 2

Kh  
(SE) 2

Fe
 
(SE)

2
Se

 
(SE) 2

Ce  (SE)

Resilience 8555

Genetics only GK 0.08 (0.04) 0.06 (0.05)

Full GKFSC 0.06 (0.04) 0.00 (0.12) 0.05 (0.06) 0.00 (0.03) 0.01 (0.07)

Backward 
selection GF 0.06 (0.04) 0.05 (0.02)

ToC 8170

Genetics only GK 0.12 (0.05) 0.13 (0.06)

Full GKFSC 0.11 (0.05) 0.02 (0.13) 0.03 (0.06) 0.08 (0.04) 0.16 (0.07)

Backward 
selection GSC 0.14 (0.03) 0.10 (0.03) 0.18 (0.04)

EoC 8306

Genetics only GK 0.14 (0.04) 0.10 (0.06)

Full GKFSC 0.14 (0.04) 0.03 (0.12) 0.04 (0.06) 0.00 (0.03) 0.14 (0.07)

Backward 
selection GFC 0.15 (0.04) 0.05 (0.03) 0.14 (0.05)

AoC 8248

Genetics only GK 0.14 (0.04) 0.09 (0.06)

Full GKFSC 0.12 (0.04) 0.00 (0.13) 0.03 (0.06) 0.05 (0.03) 0.14 (0.07)

Backward 
selection GSC 0.15 (0.03) 0.07 (0.03) 0.18 (0.04)

a first four MDS components

Variance component analyses were performed on Resilience, ToC, EoC, and AoC using the genetic model (GK), the model accounting for 
both genetic and three environmental effects (the full model), and the most parsimonious model selected by backward selection.

Abbreviations: ToC, Task-oriented Coping; EoC, Emotion-oriented Coping; AoC, Avoidance-oriented coping

N.B. text in bold indicates significant LRT at p< 0.05 (one-tailed). Values in parentheses represent standard errors.

Figure 1. Sources of phenotypic variance and the proportion of variance they explained in the most parsimonious backward stepwise 
selection models for resilience, task-, emotion-, and avoidance-oriented coping styles. Abbreviations: ToC, Task-oriented Coping; EoC, 
Emotion-oriented Coping; AoC, Avoidance-oriented Coping.
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Table 3. Age-, sex-, and population stratificationa-adjusted 
bivariate GCTA estimates of genetic correlation.

Resilience ToC EoC AoC

Resilience - 0.20 (0.43) -0.94 (0.30) 0.36 (0.54)

ToC 0.51 (0.26) - -0.46 (0.34) -0.08 (0.38)

EoC -0.79 (0.19) -0.05 (0.25) - -0.42 (0.54)

AoC -0.24 (0.30) 0.48 (0.24) 0.60 (0.21) -

a first four MDS components

Abbreviations: ToC, Task-oriented Coping; EoC, Emotion-oriented Coping; 
AoC, Avoidance-oriented Coping

N.B. text in bold indicates significant LRT at p < 0.05 (one-tailed). Values in 
parentheses represent standard errors

The genetic correlations between traits resultant from common genetic 
variance (rG) are shown on the lower diagonal; the upper diagonal shows the 
genetic correlations between traits associated with the pedigree (rK)

variants (G) explained 6% (S.E. = 0.04, p= 0.041) of the  
phenotypic variation in resilience and family-shared environ-
mental (F) effects explained 5% (S.E. = 0.02, p = 0.020). Using 
the same methodology, 14% of the variance in task-oriented 
coping was explained by common-variant associated genetics  
(G: S.E. = 0.03, p < 0.001). Furthermore, 10% of the variance was 
explained by sibling-shared environmental effects (S: S.E. = 0.03,  
p < 0.001), and a further 18% of the variance was explained by 
couple-shared environmental effects (C: S.E. = 0.04, p < 0.001).  
Similar patterns were found in avoidance-oriented coping with 
15% of the variance explained by common-variant associated  
genetics (G: S.E. = 0.03, p < 0.001), 7% explained by sibling-
shared environmental effects (S: S.E. = 0.03, p = 0.006), and 18%  
of the variance explained by couple-shared environmental effects 
(C: S.E. = 0.04, p < 0.001). In examining emotion-oriented  
coping, it was found that common genetic (G = 0.15, S.E. = 0.04,  
p < 0.001), family-shared (F = 0.05, S.E. = 0.03, p = 0.027) and 
couple-shared environmental effects (C = 0.14, S.E. = 0.05,  
p = 0.002) were most likely to account for phenotypic vari-
ance (Table 2 and Figure 1). These models are presented fully in  
the Supplementary materials.

Genetic Correlations
Estimates of common-variant associated (r

G
) and pedigree  

associated (r
K
) genetic correlations are reported in Table 3, to 

identify potential overlapping genetic architectures between resil-
ience, task-, emotion-, and avoidance-oriented coping. As no con-
sistent environmental effects were identified in the models above, 
we explored only the genetic correlations between our traits.  
Specifically, as there were no consistent environmental  
contributions across the four traits, and because K in the GK 
models captured a mixture of both pedigree associated genetic 
and environmental effects, we have estimated the genetic cor-
relations for G and K only. As each trait still has contributions  
from K (based on the full models, above), we will examine this 
effect to prevent inflation in our G estimates44,45. The genetic 
correlations between the four traits are illustrated in Table 3. 
The estimate of the common-variant associated genetic cor-
relation (r

G
) between resilience and task-oriented coping was 

.51 (S.E. = 0.26, p = 0.063). The correlation between resil-
ience and task-oriented coping explained by additional genetic 
variation associated with pedigree (r

K
) was 0.20 (S.E. = 0.43, 

p = 0.341), although this estimate is potentially influenced by 
the effects of shared-environment. High genetic overlap was 
found between resilience and emotion-oriented coping: r

G
 = -0.79  

(SE = 0.19, p = 0.002), r
K
 = -0.94 (SE = 0.30, p = 0.033); and 

moderate genetic overlap was found between resilience and  
avoidance-oriented coping: r

G
 = -0.24 (SE = 0.30, p = 0.207),  

r
K
 = 0.36 (SE = 0.54, p = 0.237).

Discussion
Here, we report a novel study examining the genetic and  
environmental contributions to resilience and coping style in 
GS:SFHS, a population- and family-based cohort comprising 
close and distant relatives with genome-wide genotyped data.  
Using a recently developed variance component methodology44, 
we showed that common variant associated genetics and family- 
shared environmental effects moderately contribute to psy-
chological resilience, although 89% of its phenotypic variance 
remained unexplained. We also found that each coping style had  
substantial genetic (~20%) and shared environmental (20–30%) 
contributions. Furthermore, we found large genetic correla-
tions between resilience and emotion-oriented coping for 
both common-variant associated (r

G
 = -0.79) and pedigree- 

associated (r
K
 = -0.94) genetic effects, which suggests that genetic 

effects have a shared influence on both traits but in opposite  
directions. Such findings indicate that genetic factors that increase 
negative emotionality lead to reduced psychological resilience, 
which mirror previous reports that which suggest resilience  
and traits characterised by negative emotionality provide par-
tially separate mechanisms to reduce and increase susceptibility  
to psychopathology, respectively47.

Although the majority of phenotypic variance in resilience  
remained unexplained in this study, (small) significant contribu-
tions from common variant associated genetic and family-shared 
environmental effects were found. Within our study, the fam-
ily effect represents the ‘nuclear’ family, an early environmen-
tal influence associated with living in the same family group. 
It has been found that children with poor familial relationships  
are more likely to develop psychopathology in later life48, whereas 
positive family relationships have been found to prevent nega-
tive mental health outcomes in ‘at-risk’ children49, which sup-
ports our finding that family-shared environment influences  
resilience. Behavioural genetics studies suggest that positive 
familial relationships enable an individual to regulate their behav-
iour and emotions to perceive their environment as manageable,  
no matter how challenging50,51. Furthermore, previous studies 
have demonstrated that strong familial attachments in childhood  
have long-lasting impacts on resilience and general well-being 
in later life52, which is important within the context of this study  
which examined adults who may no longer be living within the 
‘nuclear’ family environment, but whose effects are still apparent.

In examining both genetic and environmental effects  
simultaneously, we also detected an almost equal contribution  
from common-variant associated genetic and couple-shared  
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environment effects for all three coping styles. The couple 
effect reflects the current environment shared between spouses  
in adulthood, which contrasts with both the full sibling and 
nuclear family effect which reflects the influence of earlier 
shared environments. During stressful circumstances, the sup-
port of a spouse (living in the same household) is more likely 
to be sought than support from closely related family members 
(living in a different household)53. The major contribution of  
couple-shared environment to coping could potentially cap-
ture the effects of assortative mating54, and other factors lead-
ing to spousal similarity. However, this effect may also be  
explained by couples learning from each other and adapt-
ing their coping styles to better face the adversity at hand55.  
Comparatively less variance was accounted for by sibling- and 
family-shared environmental effects which may be due to the 
high correlation between the matrices which could potentially 
impede model fit and estimation45. Previous simulation of these  
models44 suggest that true components are detected approximately 
80% of the time and so the small sibling- and family-shared  
environmental effects found could be due to false positives in 
the model. However, without a larger sample size, it would be  
difficult to have the power to fully discriminate between these  
components44, and so we advocate further replication in  
independent samples.

We also examined the genetic correlations between resilience  
and each coping style. Our results revealed very high negative 
correlations between resilience and emotion-oriented coping  
for both common-variant associated genetic and pedigree- 
associated genetic components. These findings suggest that 
there is a strong shared genetic architecture between resil-
ience and emotion-oriented coping whereby genetic fac-
tors that increase negative emotionality also lead to decreased  
resilience. The direction of these findings supports previous 
research which suggests that individuals high in negative emo-
tionality, and low in resilience are at a greater risk for psychopa-
thology1,32. We must note, however, that correlations for pedigree- 
associated genetic components are likely biased due to the  
influence of shared-environmental effects which may be contained 
within the pedigree component, or vice versa. Unfortunately, due 
to a lack of power and model non-convergence, we were unable 
to report the environmental correlations between these traits.  
It would be of benefit to further investigate the genetic and 
environmental correlations between these traits in a larger  
sample to underpin important differences between the traits.  
For example, in further investigating the environmental corre-
lations between resilience and coping style, we may be able to  
determine if having a resilient spouse is associated with  
a particular coping style.

The narrow-sense heritability estimate ( 2 2 2
n g ph h h= + , see 

Supplementary Table 4) found for resilience in the current 
study was substantially less than broad-sense estimates derived 
from twin studies4,14,15. This is unsurprising given that previous  
reports suggest that GREML-based estimates provide a lower  
limit for pedigree-based estimates, and an upper limit for  
GWAS-based estimates29,31, although without any existing 
GWAS data on resilience, it difficult to know this for certain.  

However, the narrow-sense heritability estimates of task- and 
emotion-oriented coping in this study were in line with previous  
reports20–22. Furthermore, genetic estimates of avoidance- 
oriented coping were at odds with previously reported  
heritability estimates which found no genetic effects in avoid-
ance-oriented coping styles20,21. This may be due to our sample 
being better powered to detect genetic components of avoidance- 
oriented coping in comparison to previous twin studies20–22  
which found conflicting results with much smaller samples  
(n < 1,000). In our analyses, pedigree-associated genetics  
(which include rarer genetic variants and mutations) showed 
no significant contribution to any of our four traits. This is 
a novel finding as previous estimates suggest that for most  
complex traits over 50% of narrow-sense heritability is attrib-
utable to pedigree-associated genetic effects29,44. This could 
be because our sample may not have had sufficient power 
to separate out pedigree effects from shared environmental  
effects, indicated by our study failing to detect any signifi-
cant pedigree effects. Alternatively, this study may have been  
confounded by correlations between components44,45.

A number of limitations to this study deserve mention.  
Firstly, we employed a quantitative trait-based measure of resil-
ience, whereas other behavioural genetic studies have found larger  
genetic effects with both outcome- and process-based 
approaches4,14,56. Specifically, the Brief Resilience Scale  
assesses an individual’s ability to ‘bounce back’ from adversity 
and is purposely framed in regards to overcoming negative events1  
whereas previous heritability estimates for resilience have  
predominately focussed on assessing the availability of 
implicit assets and resources which facilitate resilience57,58. It is  
important to make this distinction clear as this difference may 
underlie the different heritability estimates reported in the lit-
erature, and will inevitably hinder comparison between studies  
and preclude any meta-analysis6. Furthermore, as resilience 
and coping are related constructs, previous estimates of resil-
ience heritability may have indexed, in part, the role of coping 
style leading to inflated estimates. Secondly, as the re-contact 
cohort was a sub-set of the larger GS:SFHS sample, we were 
constrained by a limited number of participants with a reduced 
familial structure. Future investigation would greatly benefit 
from a larger sample size with an increased number of familial  
relationships to fully disentangle environmental components 
in the relationship between these traits. Furthermore, although 
we obtained estimates from effects from common-variant and 
pedigree-associated genetic, our sample is underpowered to  
detect small effects44 which would be overcome by a larger sam-
ple size, either related (using our methodology) or between  
two independent datasets (using methods such as LD-score  
regression59,60). Finally, there may be other major shared and 
non-shared environmental effects of each of our traits that are  
not specifically captured in our analysis. For example, research  
suggests that resilience may be associated with stressful life  
events, growing up in adversity, or being raised in care61–65.

Here, we provide evidence that psychological resilience  
(quantified by a previously validated ordinal scale), is a heritable 
trait with a relatively small proportion of its variance explained  
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by genetic factors. Early childhood environment such as  
that shared by the nuclear family was also found to have a small 
association with resilience. Task-, emotion- and avoidance- 
oriented coping styles were found to be moderately heritable, 
although substantial environmental effects also contributed to 
their phenotypic variance. Approximately one fifth of the vari-
ance in each coping style was attributable to recent environment  
shared by couples. These results indicate that both genetic 
and environmental contributors to resilience and coping style 
need to be considered in future research. Finally, high negative  
genetic correlations between resilience and emotion-oriented cop-
ing suggests that the traits share an overlapping genetic architec-
ture in which genetic factors that increase negative emotionality  
lead to reduced resilience. This is the first study to date 
which aimed to disentangle the molecular and environmental  
components in resilience and coping style, and represents a valu-
able starting point from which to further elucidate the underly-
ing mechanisms of these traits. We argue that further work with  
larger samples sizes is necessary to fully delineate the genetic  
and environmental contributions of these traits, and the relation-
ships between them to identify modifiable protective factors  
against psychological distress and illness.
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Due to the confidential nature of the genetic and phenotypic  
data provided by participants in this study, it is not possible to 
publically share the data on which our analyses were based.  
A phenotype data dictionary from Generation Scotland (GS) 
is available and can be downloaded. Non-identifiable informa-
tion from the GS:SFHS cohort is available to researchers in the 
UK and to international collaborators through application to the  
GS Access Committee: access@generationscotland.org, with 
further information available from http://www.ed.ac.uk/genera-
tion-scotland. Each application requires the completion of a data 
and materials transfer agreement, the conditions of which are  
determined on a case by case basis. GS has Research Tissue 
Bank status, and the GS Access Committee reviews applications  

to ensure that they comply with legal requirements, ethics  
and participant consent.

Ethical statement
Ethics approval for the Generation Scotland study was given  
by the NHS Tayside committee on research ethics (reference  
05/S1401/8).

Competing interests
No competing interests were disclosed

Grant information
This work is supported by the Wellcome Trust [104036],  
a Strategic Award. GS:SFHS was funded by a grant from the 
Scottish Government Health Department, Chief Scientist Office 
(CZD/16/6). The authors acknowledge with gratitude the finan-
cial support received for this work from the Dr Mortimer and  
Theresa Sackler Foundation. AMM and IJD are members of 
The University of Edinburgh Centre for Cognitive Ageing and  
Cognitive Epidemiology, part of the cross council Lifelong  
Health and Wellbeing Initiative funded by the Biotechnology  
and Biological Sciences Research Council and the Medical  
Research Council (MR/ K026992/1). 

The funders had no role in study design, data collection and  
analysis, decision to publish, or preparation of the manuscript.

Acknowledgements
We would like to express our gratitude to the families who  
took part in GS:SFHS, the GPs and Scottish School of Primary 
Care for their help in recruiting them, and the whole GS:SFHS 
team, including academic researchers, clinic staff, laboratory  
technicians, statisticians and research managers. We would  
also like to acknowledge the contribution of Dr Stuart Ritchie  
for comments made on the manuscript.

Supplementary material
Supplementary File 1: Construction of Genetic Relationship Matrices (GRMs).

Click here to access the data.

Supplementary Table 1: Number of non-zero off diagonal entries for each trait.

Click here to access the data.

Supplementary Table 2: Descriptive statistics of the current cohort.

Click here to access the data.

Supplementary Table 3: Narrow-sense heritability estimates for the four traits examined.

Click here to access the data.

Supplementary Table 4: Full variance component analysis.

Click here to access the data.

Page 9 of 16

Wellcome Open Research 2018, 3:12 Last updated: 15 OCT 2018

https://datashare.is.ed.ac.uk/handle/10283/2988
mailto:access@generationscotland.org
http://www.ed.ac.uk/generation-scotland
http://www.ed.ac.uk/generation-scotland
https://wellcomeopenresearch.s3.amazonaws.com/supplementary/13854/779f0eae-0974-4040-b1ac-0bb7c346a67c.pdf
https://wellcomeopenresearch.s3.amazonaws.com/supplementary/13854/b5643b61-1955-40a1-9d2a-84df7a522be7.pdf
https://wellcomeopenresearch.s3.amazonaws.com/supplementary/13854/72e17218-42e4-481a-9828-a40f905f104b.pdf
https://wellcomeopenresearch.s3.amazonaws.com/supplementary/13854/65c808b9-44c7-49ea-b1b8-4171b6de8c0d.pdf
https://wellcomeopenresearch.s3.amazonaws.com/supplementary/13854/4dfb8f69-b28f-4e4e-a1d8-bc00216c0ae0.pdf


References

1. Smith BW, Dalen J, Wiggins K, et al.: The brief resilience scale: assessing the 
ability to bounce back. Int J Behav Med. 2008; 15(3): 194–200.  
PubMed Abstract | Publisher Full Text 

2. Luthar SS, Sawyer JA, Brown PJ: Conceptual issues in studies of resilience: 
past, present, and future research. Ann N Y Acad Sci. 2006; 1094: 105–15. 
PubMed Abstract | Publisher Full Text | Free Full Text 

3. Luthar S, Zelazo L: Research on resilience: An integrative review. In Resilience 
and vulnerability: Adaptation in the context of childhood adversities. (ed. S. S. L. 
(Ed.)), Cambridge University Press: New York, NY. 2003; 510–549.  
Publisher Full Text

4. Amstadter AB, Myers JM, Kendler KS: Psychiatric resilience: longitudinal twin 
study. Br J Psychiatry. 2014; 205(4): 275–80. 
PubMed Abstract | Publisher Full Text | Free Full Text 

5. Bonanno G, Romero S, Klein S: The Temporal Elements of Psychological 
Resilience: An Integrative Framework for the Study of Individuals, Families, 
and Communities. Psychol Inq. 2015; 26(2): 139–169. 
Publisher Full Text 

6. Davydov DM, Stewart R, Ritchie K, et al.: Resilience and mental health. Clin 
Psychol Rev. 2010; 30(5): 479–95. 
PubMed Abstract | Publisher Full Text 

7. Fergus S, Zimmerman MA: Adolescent resilience: a framework for 
understanding healthy development in the face of risk. Annu Rev Public Health. 
2005; 26: 399–419. 
PubMed Abstract | Publisher Full Text 

8. Folkman S, Moskowitz JT: Coping: pitfalls and promise. Annu Rev Psychol. 2004; 
55: 745–74. 
PubMed Abstract | Publisher Full Text 

9. Campbell-Sills L, Cohan SL, Stein MB: Relationship of resilience to personality, 
coping, and psychiatric symptoms in young adults. Behav Res Ther. 2006; 
44(4): 585–99. 
PubMed Abstract | Publisher Full Text 

10. Tugade MM, Fredrickson BL: Resilient individuals use positive emotions to 
bounce back from negative emotional experiences. J Pers Soc Psychol. 2004; 
86(2): 320–33. 
PubMed Abstract | Publisher Full Text | Free Full Text 

11. Van Vliet K: Shame and resilience in adulthood: A grounded theory study. 
J Couns Psychol. 2008; 55(2): 233–245. 
Publisher Full Text 

12. Fletcher D, Sarkar M: Psychological Resilience A Review and Critique of 
Definitions, Concepts, and Theory. Eur Psychol. 2013; 12–23. 
Publisher Full Text 

13. Tenesa A, Haley CS: The heritability of human disease: estimation, uses and 
abuses. Nat Rev Genet. 2013; 14(2): 139–49. 
PubMed Abstract | Publisher Full Text 

14. Boardman JD, Blalock CL, Button TM: Sex differences in the heritability of 
resilience. Twin Res Hum Genet. 2008; 11(1): 12–27. 
PubMed Abstract | Publisher Full Text | Free Full Text 

15. Hansson K, Cederblad M, Lichtenstein P, et al.: Individual resiliency factors from 
a genetic perspective: results from a twin study. Familu Process. 2008; 47(4): 
537–51. 
PubMed Abstract | Publisher Full Text 

16. Cosway R, Endler N, Sadler A, et al.: The Coping Inventory for Stressful 
Situations: Factorial Structure and Associations With Personality Traits and 
Psychological Health. J Appl Biobehav Res. 2000; 5(2): 121–143. 
Publisher Full Text 

17. Vitaliano PP, Russo J, Carr JE, et al.: The Ways of Coping Checklist: Revision 
and Psychometric Properties. Multivariate Behav Res. 1985; 20(1): 3–26. 
PubMed Abstract | Publisher Full Text 

18. Robinson ME, Riley JL 3rd, Myers CD, et al.: The Coping Strategies 
Questionnaire: a large sample, item level factor analysis. Clin J Pain. 1997; 
13(1): 43–9. 
PubMed Abstract | Publisher Full Text 

19. Folkman S, Lazarus RS: Coping as a mediator of emotion. J Pers Soc Psychol. 
1988; 54(3): 466–75. 
PubMed Abstract | Publisher Full Text 

20. Jang KL, Thordarson DS, Stein MB, et al.: Coping styles and personality: a 
biometric analysis. Anxiety Stress Coping. 2007; 20(1): 17–24. 
PubMed Abstract | Publisher Full Text 

21. Kozak B, Strelau J, Miles J: Genetic determinants of individual differences in 
coping styles. Anxiety Stress & Coping. 2005; 18(1): 1–15. 
Publisher Full Text 

22. Kendler KS, Kessler RC, Heath AC, et al.: Coping: a genetic epidemiological 
investigation. Psychol Med. 1991; 21(2): 337–46. 
PubMed Abstract | Publisher Full Text 

23. Silventoinen K, Sammalisto S, Perola M, et al.: Heritability of adult body height: 
a comparative study of twin cohorts in eight countries. Twin Res. 2003; 6(5): 
399–408. 
PubMed Abstract | Publisher Full Text 

24. Mataix-Cols D, Boman M, Monzani B, et al.: Population-based, multigenerational 
family clustering study of obsessive-compulsive disorder. JAMA Psychiatry. 
2013; 70(7): 709–17. 
PubMed Abstract | Publisher Full Text 

25. Chen X, Kuja-Halkola R, Rahman I, et al.: Dominant Genetic Variation and 
Missing Heritability for Human Complex Traits: Insights from Twin versus 
Genome-wide Common SNP Models. Am J Hum Genet. 2015; 97(5): 708–14. 
PubMed Abstract | Publisher Full Text | Free Full Text 

26. Manolio TA, Collins FS, Cox NJ, et al.: Finding the missing heritability of 
complex diseases. Nature. 2009; 461(7265): 747–53. 
PubMed Abstract | Publisher Full Text | Free Full Text 

27. Maher B: Personal genomes: The case of the missing heritability. Nature. 2008; 
456(7218): 18–21. 
PubMed Abstract | Publisher Full Text 

28. Yang J, Benyamin B, McEvoy BP, et al.: Common SNPs explain a large 
proportion of the heritability for human height. Nat Genet. 2010; 42(7): 565–9. 
PubMed Abstract | Publisher Full Text | Free Full Text 

29. Zaitlen N, Kraft P, Patterson N, et al.: Using extended genealogy to estimate 
components of heritability for 23 quantitative and dichotomous traits. PLoS 
Genet. 2013; 9(5): e1003520. 
PubMed Abstract | Publisher Full Text | Free Full Text 

30. Yang J, Lee SH, Goddard ME, et al.: GCTA: a tool for genome-wide complex trait 
analysis. Am J Hum Genet. 2011; 88(1): 76–82. 
PubMed Abstract | Publisher Full Text | Free Full Text 

31. Zuk O, Hechter E, Sunyaev SR, et al.: The mystery of missing heritability: 
Genetic interactions create phantom heritability. Proc Natl Acad Sci U S A. 
2012; 109(4): 1193–8. 
PubMed Abstract | Publisher Full Text | Free Full Text 

32. Penley JA, Tomaka J, Wiebe JS: The association of coping to physical and 
psychological health outcomes: a meta-analytic review. J Behav Med. 2002; 
25(6): 551–603. 
PubMed Abstract | Publisher Full Text 

33. Zeidner M, Saklofske D: Adaptive and Maladaptive Coping. In Handbook of 
Coping: Theory, Research and Applications. (ed. Zeidner M and Endler N), Wiley: 
Oxford, England. 1996; 505–531. 
Reference Source

34. Smith BH, Campbell H, Blackwood D, et al.: Generation Scotland: the Scottish 
Family Health Study; a new resource for researching genes and heritability. 
BMC Med Genet. 2006; 7: 74. 
PubMed Abstract | Publisher Full Text | Free Full Text 

35. Navrady LB, Wolters MK, MacIntyre DJ, et al.: Cohort Profile: Stratifying 
Resilience and Depression Longitudinally (STRADL): a questionnaire follow-
up of Generation Scotland: Scottish Family Health Study (GS:SFHS). Int J 
Epidemiol. 2017. 
PubMed Abstract | Publisher Full Text 

36. Smith BH, Campbell A, Linksted P, et al.: Cohort Profile: Generation Scotland: 
Scottish Family Health Study (GS:SFHS). The study, its participants and their 
potential for genetic research on health and illness. Int J Epidemiol. 2013; 42(3): 
689–700. 
PubMed Abstract | Publisher Full Text 

37. Gunderson KL: Whole-genome genotyping on bead arrays. Methods Mol Biol. 
2009; 529: 197–213. 
PubMed Abstract | Publisher Full Text 

38. Kerr SM, Campbell A, Murphy L, et al.: Pedigree and genotyping quality analyses 
of over 10,000 DNA samples from the Generation Scotland: Scottish Family 
Health Study. BMC Med Genet. 2013; 14: 38. 
PubMed Abstract | Publisher Full Text | Free Full Text 

39. Nagy R, Boutin TS, Marten J, et al.: Exploration of haplotype research 
consortium imputation for genome-wide association studies in 20,032 
Generation Scotland participants. Genome Med. 2017; 9(1): 23. 
PubMed Abstract | Publisher Full Text | Free Full Text 

40. Amador C, Huffman J, Trochet H, et al.: Recent genomic heritage in Scotland. 
BMC Genomics. 2015; 16(1): 437. 
PubMed Abstract | Publisher Full Text | Free Full Text 

41. ENIGMA2 Genetics Support Team: ENIGMA2 1KGP Cookbook (v3). [Online]. The 
Enhancing Neuroimaging Genetics through Meta-Analysis (ENIGMA) Consortium. 
2013. 
Reference Source

42. Purcell S, Neale B, Todd-Brown K, et al.: PLINK: a tool set for whole-genome 
association and population-based linkage analyses. Am J Hum Genet. 2007; 
81(3): 559–75. 
PubMed Abstract | Publisher Full Text | Free Full Text 

43. Endler N, Parker J: Coping Inventory for Stressful Situations (CISS): Manual. 
Multi-Health Systems. Toronto, Canada. 1990. 
Reference Source

44 Xia C, Amador C, Huffman J, et al.: Pedigree- and SNP-Associated Genetics 
and Recent Environment are the Major Contributors to Anthropometric and 
Cardiometabolic Trait Variation. PLoS Genet. 2016; 12(2): e1005804. 
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 10 of 16

Wellcome Open Research 2018, 3:12 Last updated: 15 OCT 2018

http://www.ncbi.nlm.nih.gov/pubmed/18696313
http://dx.doi.org/10.1080/10705500802222972
http://www.ncbi.nlm.nih.gov/pubmed/17347344
http://dx.doi.org/10.1196/annals.1376.009
http://www.ncbi.nlm.nih.gov/pmc/articles/3480733
http://dx.doi.org/10.1017/CBO9780511615788.023
http://www.ncbi.nlm.nih.gov/pubmed/24723629
http://dx.doi.org/10.1192/bjp.bp.113.130906
http://www.ncbi.nlm.nih.gov/pmc/articles/4180845
http://dx.doi.org/10.1080/1047840X.2015.992677
http://www.ncbi.nlm.nih.gov/pubmed/20395025
http://dx.doi.org/10.1016/j.cpr.2010.03.003
http://www.ncbi.nlm.nih.gov/pubmed/15760295
http://dx.doi.org/10.1146/annurev.publhealth.26.021304.144357
http://www.ncbi.nlm.nih.gov/pubmed/14744233
http://dx.doi.org/10.1146/annurev.psych.55.090902.141456
http://www.ncbi.nlm.nih.gov/pubmed/15998508
http://dx.doi.org/10.1016/j.brat.2005.05.001
http://www.ncbi.nlm.nih.gov/pubmed/14769087
http://dx.doi.org/10.1037/0022-3514.86.2.320
http://www.ncbi.nlm.nih.gov/pmc/articles/3132556
http://dx.doi.org/10.1037/0022-0167.55.2.233
http://dx.doi.org/10.1027/1016-9040/a000124
http://www.ncbi.nlm.nih.gov/pubmed/23329114
http://dx.doi.org/10.1038/nrg3377
http://www.ncbi.nlm.nih.gov/pubmed/18251671
http://dx.doi.org/10.1375/twin.11.1.12
http://www.ncbi.nlm.nih.gov/pmc/articles/2674367
http://www.ncbi.nlm.nih.gov/pubmed/19130792
http://dx.doi.org/10.1111/j.1545-5300.2008.00270.x
http://dx.doi.org/10.1111/j.1751-9861.2000.tb00069.x
http://www.ncbi.nlm.nih.gov/pubmed/26776273
http://dx.doi.org/10.1207/s15327906mbr2001_1
http://www.ncbi.nlm.nih.gov/pubmed/9084951
http://dx.doi.org/10.1097/00002508-199703000-00007
http://www.ncbi.nlm.nih.gov/pubmed/3361419
http://dx.doi.org/10.1037/0022-3514.54.3.466
http://www.ncbi.nlm.nih.gov/pubmed/17999212
http://dx.doi.org/10.1080/10615800601170516
http://dx.doi.org/10.1080/10615800500040844
http://www.ncbi.nlm.nih.gov/pubmed/1876639
http://dx.doi.org/10.1017/S0033291700020444
http://www.ncbi.nlm.nih.gov/pubmed/14624724
http://dx.doi.org/10.1375/136905203770326402
http://www.ncbi.nlm.nih.gov/pubmed/23699935
http://dx.doi.org/10.1001/jamapsychiatry.2013.3
http://www.ncbi.nlm.nih.gov/pubmed/26544805
http://dx.doi.org/10.1016/j.ajhg.2015.10.004
http://www.ncbi.nlm.nih.gov/pmc/articles/4667127
http://www.ncbi.nlm.nih.gov/pubmed/19812666
http://dx.doi.org/10.1038/nature08494
http://www.ncbi.nlm.nih.gov/pmc/articles/2831613
http://www.ncbi.nlm.nih.gov/pubmed/18987709
http://dx.doi.org/10.1038/456018a
http://www.ncbi.nlm.nih.gov/pubmed/20562875
http://dx.doi.org/10.1038/ng.608
http://www.ncbi.nlm.nih.gov/pmc/articles/3232052
http://www.ncbi.nlm.nih.gov/pubmed/23737753
http://dx.doi.org/10.1371/journal.pgen.1003520
http://www.ncbi.nlm.nih.gov/pmc/articles/3667752
http://www.ncbi.nlm.nih.gov/pubmed/21167468
http://dx.doi.org/10.1016/j.ajhg.2010.11.011
http://www.ncbi.nlm.nih.gov/pmc/articles/3014363
http://www.ncbi.nlm.nih.gov/pubmed/22223662
http://dx.doi.org/10.1073/pnas.1119675109
http://www.ncbi.nlm.nih.gov/pmc/articles/3268279
http://www.ncbi.nlm.nih.gov/pubmed/12462958
http://dx.doi.org/10.1023/A:1020641400589
http://psycnet.apa.org/record/1996-97004-022
http://www.ncbi.nlm.nih.gov/pubmed/17014726
http://dx.doi.org/10.1186/1471-2350-7-74
http://www.ncbi.nlm.nih.gov/pmc/articles/1592477
http://www.ncbi.nlm.nih.gov/pubmed/29040551
http://dx.doi.org/10.1093/ije/dyx115
http://www.ncbi.nlm.nih.gov/pubmed/22786799
http://dx.doi.org/10.1093/ije/dys084
http://www.ncbi.nlm.nih.gov/pubmed/19381978
http://dx.doi.org/10.1007/978-1-59745-538-1_13
http://www.ncbi.nlm.nih.gov/pubmed/23521772
http://dx.doi.org/10.1186/1471-2350-14-38
http://www.ncbi.nlm.nih.gov/pmc/articles/3614907
http://www.ncbi.nlm.nih.gov/pubmed/28270201
http://dx.doi.org/10.1186/s13073-017-0414-4
http://www.ncbi.nlm.nih.gov/pmc/articles/5339960
http://www.ncbi.nlm.nih.gov/pubmed/26048416
http://dx.doi.org/10.1186/s12864-015-1605-2
http://www.ncbi.nlm.nih.gov/pmc/articles/4458001
https://enigma.ini.usc.edu/wp-content/uploads/2012/07/ENIGMA2_1KGP_cookbook_v3.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17701901
http://dx.doi.org/10.1086/519795
http://www.ncbi.nlm.nih.gov/pmc/articles/1950838
http://www.pearsonclinical.co.uk/Psychology/ChildMentalHealth/ChildMentalHealth/CopingInventoryforStressfulSituations(CISS)/PDFReports/Technical.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26836320
http://dx.doi.org/10.1371/journal.pgen.1005804
http://www.ncbi.nlm.nih.gov/pmc/articles/4737500


45. Zeng Y, Navarro P, Xia C, et al.: Shared Genetics and Couple-Associated 
Environment Are Major Contributors to the Risk of Both Clinical and Self-
Declared Depression. EBioMedicine. 2016; 14: 161–167. 
PubMed Abstract | Publisher Full Text | Free Full Text 

46. Lee SH, Yang J, Goddard ME, et al.: Estimation of pleiotropy between 
complex diseases using single-nucleotide polymorphism-derived genomic 
relationships and restricted maximum likelihood. Bioinformatics. 2012; 28(19): 
2540–2. 
PubMed Abstract | Publisher Full Text | Free Full Text 

47. Navrady LB, Adams MJ, Chan SWY, et al.: Genetic risk of major depressive 
disorder: the moderating and mediating effects of neuroticism and 
psychological resilience on clinical and self-reported depression. Psychol Med. 
2017; 1–10. 
PubMed Abstract | Publisher Full Text 

48. Fearon RP, Bakermans-Kranenburg MJ, van Ijzendoorn MH, et al.: The 
significance of insecure attachment and disorganization in the development of 
children’s externalizing behavior: a meta-analytic study. Child Dev. 2010; 81(2): 
435–56. 
PubMed Abstract | Publisher Full Text 

49. Jaffee SR, Caspi A, Moffitt TE, et al.: Individual, family, and neighborhood 
factors distinguish resilient from non-resilient maltreated children: a 
cumulative stressors model. Child Abuse Negl. 2007; 31(3): 231–53. 
PubMed Abstract | Publisher Full Text | Free Full Text 

50. Bokhorst CL, Bakermans-Kranenburg MJ, Fearon RM, et al.: The importance 
of shared environment in mother-infant attachment security: a behavioral 
genetic study. Child Dev. 2003; 74(6): 1769–82. 
PubMed Abstract | Publisher Full Text 

51. Bakermans-Kranenburg MJ, van Uzendoorn MH, Bokhorst CL, et al.: The 
importance of shared environment in infant-father attachment: a behavioral 
genetic study of the attachment q-sort. J Fam Psychol. 2004; 18(3):  
545–9. 
PubMed Abstract | Publisher Full Text 

52. Masten AS, Best K, Garmezy N: Resilience and development: Contributions 
from the study of children who overcome adversity. Dev Psychopathol. 1990; 
2(4): 425–444. 
Publisher Full Text 

53. Ben-Zur H, Gilbar O, Lev S: Coping with breast cancer: patient, spouse, and 
dyad models. Psychosom Med. 2001; 63(1): 32–9. 
PubMed Abstract | Publisher Full Text 

54. Vinkhuyzen AA, van der Sluis S, Maes HH, et al.: Reconsidering the heritability of 
intelligence in adulthood: taking assortative mating and cultural transmission 

into account. Behav Genet. 2012; 42(2): 187–98. 
PubMed Abstract | Publisher Full Text | Free Full Text 

55. Soskolne V, Kaplan De-Nour A: The psychosocial adjustment of patients and 
spouses to dialysis treatment. Soc Sci Med. 1989; 29(4): 497–502. 
PubMed Abstract | Publisher Full Text 

56. Kim-Cohen J, Moffitt TE, Caspi A, et al.: Genetic and environmental processes 
in young children’s resilience and vulnerability to socioeconomic deprivation. 
Child Dev. 2004; 75(3): 651–68. 
PubMed Abstract | Publisher Full Text 

57. Olsson CA, Bond L, Burns JM, et al.: Adolescent resilience: a concept analysis. 
J Adolesc. 2003; 26(1): 1–11. 
PubMed Abstract | Publisher Full Text 

58. Windle G: What is resilience? A review and concept analysis. Rev Clin Gerontol. 
2011; 21(2): 152–169. 
Publisher Full Text 

59. Bulik-Sullivan B, Finucane HK, Anttila V, et al.: An atlas of genetic correlations 
across human diseases and traits. Nat Genet. 2015a; 47(11): 1236–41. 
PubMed Abstract | Publisher Full Text | Free Full Text 

60. Bulik-Sullivan BK, Loh PR, Finucane HK, et al.: LD Score regression 
distinguishes confounding from polygenicity in genome-wide association 
studies. Nat Genet. 2015b; 47(3): 291–5. 
PubMed Abstract | Publisher Full Text | Free Full Text 

61. Collishaw S, Pickles A, Messer J, et al.: Resilience to adult psychopathology 
following childhood maltreatment: evidence from a community sample. Child 
Abuse Negl. 2007; 31(3): 211–29. 
PubMed Abstract | Publisher Full Text 

62. Beasley M, Thompson T, Davidson J: Resilience in response to life stress: the 
effects of coping style and cognitive hardiness. Pers Indiv Differ. 2003; 34(1): 
77–95. 
Publisher Full Text 

63. Cicchetti D, Rogosch FA: Adaptive coping under conditions of extreme stress: 
Multilevel influences on the determinants of resilience in maltreated children. 
New Dir Child Adolesc Dev. 2009; 2009(124): 47–59. 
PubMed Abstract | Publisher Full Text | Free Full Text 

64. Dent R, Cameron R: Developing resilience in children who are in public 
care: the educational psychology perspective. Educ Psychol Pract. 2003; 19(1): 
3–19. 
Publisher Full Text 

65. DuMont KA, Widom CS, Czaja SJ: Predictors of resilience in abused and 
neglected children grown-up: the role of individual and neighborhood 
characteristics. Child Abuse Negl. 2007; 31(3): 255–74. 
PubMed Abstract | Publisher Full Text 

Page 11 of 16

Wellcome Open Research 2018, 3:12 Last updated: 15 OCT 2018

http://www.ncbi.nlm.nih.gov/pubmed/27838479
http://dx.doi.org/10.1016/j.ebiom.2016.11.003
http://www.ncbi.nlm.nih.gov/pmc/articles/5161419
http://www.ncbi.nlm.nih.gov/pubmed/22843982
http://dx.doi.org/10.1093/bioinformatics/bts474
http://www.ncbi.nlm.nih.gov/pmc/articles/3463125
http://www.ncbi.nlm.nih.gov/pubmed/29183409
http://dx.doi.org/10.1017/S0033291717003415
http://www.ncbi.nlm.nih.gov/pubmed/20438450
http://dx.doi.org/10.1111/j.1467-8624.2009.01405.x
http://www.ncbi.nlm.nih.gov/pubmed/17395260
http://dx.doi.org/10.1016/j.chiabu.2006.03.011
http://www.ncbi.nlm.nih.gov/pmc/articles/1978062
http://www.ncbi.nlm.nih.gov/pubmed/14669895
http://dx.doi.org/10.1046/j.1467-8624.2003.00637.x
http://www.ncbi.nlm.nih.gov/pubmed/15382980
http://dx.doi.org/10.1037/0893-3200.18.3.545
http://dx.doi.org/10.1017/S0954579400005812
http://www.ncbi.nlm.nih.gov/pubmed/11211062
http://dx.doi.org/10.1097/00006842-200101000-00004
http://www.ncbi.nlm.nih.gov/pubmed/21969232
http://dx.doi.org/10.1007/s10519-011-9507-9
http://www.ncbi.nlm.nih.gov/pmc/articles/3276760
http://www.ncbi.nlm.nih.gov/pubmed/2756436
http://dx.doi.org/10.1016/0277-9536(89)90195-0
http://www.ncbi.nlm.nih.gov/pubmed/15144479
http://dx.doi.org/10.1111/j.1467-8624.2004.00699.x
http://www.ncbi.nlm.nih.gov/pubmed/12550818
http://dx.doi.org/10.1016/S0140-1971(02)00118-5
http://dx.doi.org/10.1017/S0959259810000420
http://www.ncbi.nlm.nih.gov/pubmed/26414676
http://dx.doi.org/10.1038/ng.3406
http://www.ncbi.nlm.nih.gov/pmc/articles/4797329
http://www.ncbi.nlm.nih.gov/pubmed/25642630
http://dx.doi.org/10.1038/ng.3211
http://www.ncbi.nlm.nih.gov/pmc/articles/4495769
http://www.ncbi.nlm.nih.gov/pubmed/17399786
http://dx.doi.org/10.1016/j.chiabu.2007.02.004
http://dx.doi.org/10.1016/S0191-8869(02)00027-2
http://www.ncbi.nlm.nih.gov/pubmed/19536787
http://dx.doi.org/10.1002/cd.242
http://www.ncbi.nlm.nih.gov/pmc/articles/3713632
http://dx.doi.org/10.1080/0266736032000061170
http://www.ncbi.nlm.nih.gov/pubmed/17386940
http://dx.doi.org/10.1016/j.chiabu.2005.11.015



